Sorption of steroid estrogens to soil and soil constituents in single- and multi-sorbate systems.
The sorptive behavior of 17 beta-estradiol (estradiol), estrone, and 17alpha-ethinylestradiol (EE2) from aqueous solutions to four soil samples, two clay minerals, and sand was examined. The measured sorption isotherms were found to be nonlinear and soil isotherm data fit the Freundlich model. Alternatively, both the Langmuir and Freundlich models were used for the mineral samples. The sorption affinity of steroid estrogens was found to be greater for montmorillonite than kaolinite and the sand. The soil Freundlich coefficients (K(F)) for estradiol, estrone, and EE2 were observed to increase with organic carbon (OC) content, and resulting Freundlich coefficients that were normalized to the OC content (K(F)OC) were observed to be within the same range for estradiol and estrone but not for EE2. Sorption of steroid estrogens in soil appears to be governed by OC and expanding clay mineral content; thus, estimating sorption coefficients from physicochemical properties may underestimate sorption in soils or sediments that are rich in OC and smectitic clay minerals. Analysis of soils by solid-state (13)C nuclear magnetic resonance did not reveal any trends between sorption capacity and organic matter structure. Competitive sorption experiments revealed that the degree of competition varied with the OC and mineral content, further suggesting that specific soil properties are important for understanding sorption of estrogens in terrestrial environments.